12 United States Patent

USO011357677B2

(10) Patent No.: US 11,357,677 B2

Fukawatase et al. 45) Date of Patent: Jun. 14, 2022
(54) SHARED VEHICLE (56) References Cited
(71) Applicant: Toyota Jidosha Kabushiki Kaisha, U.S. PATENT DOCUMENTS
Toyota (JP) 8,911,188 B1* 12/2014 Mill ...ccooovrcrirrrrnnnn.. B60N 2/245
_ _ 410/23
(72) Inventors: Osamu Fukawatase, Miyoshi (JP); 2009/0255437 Al* 10/2009 Hachet ................... B61D 1/00
Fumiko Nakai, Anjo (JP) 105/344
2017/0240214 Al 82017 Pellt?tier et al.
(73) Assignee: TOYOTA JIDOSHA KABUSHIKI 2020/0093662 Al 3/2020 Mor
KAISHA, Toyota (IP _ _
. Toyota (JP) FOREIGN PATENT DOCUMENTS
( *) Notice: Subject. to any disclaimer,i the term of this DE 29771944 U1 5/1098
patent 1s extended or adjusted under 35 P 2001-047969 A /2001
U.S.C. 154(b) by 1035 days. JP w02002030704 A1 * 2/2004 ... A61G 3/062
P 2015-085068 A 5/2015
: JP 2018-090143 A 6/2018
(21) Appl. No.: 16/893,824 P 2020-050103 A 4/2020
(22) Filed: Jun. 5, 2020 * cited by examiner
(65) Prior Publication Data Primary Examiner — Dennis H Pedder
(74) Attorney, Agent, or Firm — Dinsmore & Shohl LLP
US 2021/00384477 Al Feb. 11, 2021
(57) ABSTRACT
(30) Foreign Application Priority Data A shared vehicle includes: a pair of right and left first pillars;
a pair of right and left fourth pillars; a pair of right and left
Aug. 8, 2019  (IP) e JP2019-146761 second pillars; a pair of right and left third pillars; an
entrance door provided on one side wall of a vehicle body
(51) Inmt. CL. so as to be placed between the second pillar and the third
A61G 3/08 (2006.01) pillar; and a front wheelchair space being provided such that
B62D 25/04 (2006.01) at least a head of a wheelchair occupant i1s placed within a
B62D 31/00 (2006.01) first region of the vehicle cabin 1n a plan view, the first
(52) U.S. CL region being surrounded by the first pillars and the second
CPC A61G 3/0808 (2013.01); B62D 25/04 pillars, or a rear wheelchair space being provided such that
(2013.01); B62D 31/003 (2013.01) at least the head of the wheelchair occupant 1s placed within
(58) Field of Classification Search a second region of the vehicle cabin in a plan view, the

CPC A61G 3/08; A61G 3/0808

USPC e 296/65.04
See application file for complete search history.

i

e

second region being surrounded by the third pillars and the
fourth pillars.

15 Claims, 7 Drawing Sheets




U.S. Patent Jun. 14, 2022 Sheet 1 of 7 US 11,357,677 B2

H-— +H""l*-\__-r1-l‘="—ﬁ'w 26

1

G,




r M x\.
3 .« s ' i
4 w § o ! m
: 1 ¥
m I..' " o w
& -
| A % . e h 1
LY
4 w
-*ﬂ + + + -

I .+ Lo st bt s b T AN A N N A A I R .

-
; ! ¥ : w

.t *

agpay gpay * .
*

*

et *
-

+ *

\K. # * * * +
++++++++++++++++++++++++++++++++++++++++++++++++

wpiripr Y ik

N iy ey i > M T

US 11,357,677 B2

g H-L- ~—9g
~ _, h
S 3¢ H-|- I
e “ t
t ¥ ﬁ :
3 m 2
h e o
N |

|
L
¢

T T
+
+*
+
+
+
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+
+
+
+*
+
+*
+
+*
+
+

+ +
+++++++++++++++++

Jun. 14, 2022

U.S. Patent



.,m,a,,xx 7 \ \

+
PO T M P RO PR AR A L N A ] L I S N N N R O T

*

+

+

#

+

+*

¥

+.

¥

+

#

+

+

:rH é
‘Hh‘- e

&

+ + + +*
* kot F + + L. B NN B N I S N R )

-"'FF
—
m‘-w‘
+
+
+
+
Wy
‘q‘-'-'r'-"-"ﬂ-

US 11,357,677 B2

o0
0.
-,
<F
o

Y.

14

-

N

Ll

f“""“"*m

Y

jﬂ““ .

K
*
+

% -_“..4 T

T
:
]
-
o
951 - ”
W e n
“ +
r~ m +
= 91
o : ,
e :
W !
o : o ,
= ;
p : o
ge— +
; u 4
oy ——i

++++++++++++++++

h

+
+ * + + + + + Ft
+ + + +

Voood L
Ve OF o

Jun. 14, 2022

U.S. Patent

+ +
LI B N N N N B N B NN BN NN N R

-9

98

b=

b b



US 11,357,677 B2

Sheet 4 of 7

Jun. 14, 2022

U.S. Patent

7 { i S/
| s
AN

+
.—..—..—..—..—..—..—..—..—..—..—..—...—.

-

#“mmm%mum##“

+ +* +

!

+ +
.'..—. i&.
+ + + + * +
S v L -
+
+

+ + +

t

L ]
oA .
o

+
+ +
+
+
+ ..._...

* et .

3 ik ‘i S
+ +

m S

+*
+*
+*
+,
+
+*

##mmmmu»&:ﬂm##

+
+* +*
+ L
-+, +
" s ' ; ;
%y ok e’ W el e el ; S Sl ek Nl a7 o
.—..—..—..—..—..—..—..—..—..—. * + LI I * * * + + * .—".-..—..—..-..—..—.
N.___ N F X ) & ! :
¥ LI L iy’ i NC 2 + + My ko ok F ]
T P T e et k, T, O T P P T o
) _ !
.m 0 E o
+ T .
+
+ 3. |

Hed

ba b



&b, 172 19
4 ( |

H \
! \ /
} i

Ew?..l.ﬂ..lx]..11“-}*{111}#:#,*{11;3?%1+{+£+..1+11}1JJ+ +u+{“¢{1¢+11131¢€{11u111{l .ti++.;1;;111#.:.,{111.1{.1&11].{.1&{13;111 ++..¢1111.}JJ{11|11
+ + + . w o+ -+ . ﬂ‘%
~\\\ LA | *
v . Yot ; u
.—.. 4 L L + + ’ m h

1

W

|

S HEt ,w,
|
“

US 11,357,677 B2

Sheet 5 of 7

Jun. 14, 2022

=1

49 Dl VS Dl

U.S. Patent

=1



©

Jun. 14, 2022 Sheet 6 of 7

)
28

+ + + + + + F + F + o+ F+

+ + + +
+ + + + + + + +

++++++++

s —

+ + + + * + . {1 S - TN [ [ N + + + + + +

\‘h
Y
|

4

+ + £l *,
+ + + +
+ +
* +
+
+ * te
+ +
¥ . -
* +
* +
* * + P TR
+ T * * +
+ ¥ + +
+ + + + q
+
+ + +
+
+ * *.
+ + 3 + +
. + +

+
+

Ly +

] +

o +

Ty + -+

.

+ + +

2 +

-+ +
+

i+ +
+

" +

2 +

Ly +

] +

L+ +
+

+ +

3 +

Ly +

] +

L+ +
+

-+ +
+

+
+ + + + + + +

+
23 +
" .
C+ +
] +
. +
3 + h
+ + +
i+ +
+
. +
) +
Ly +
+
* +
+
- +
+
+
+
+
+

US 11,357,677 B2




US 11,357,677 B2

Sheet 7 of 7

Jun. 14, 2022

U.S. Patent

*rmﬂ'\‘_vh“

1

. |

- u-nP.._i.l.l..__Fn._r._nulrr-.ruJ._...__]. . _1..|..u.uh ¥ )
! e
1nl,-.u,.._|.u_ll..-......1.1.........d.__l| .l-n.-u-.l:.._.lli]l.n__._ul.lu-_.r.__._-. e
% ; x [ i o e )

.E
+ +
+ + + +

o
|

(O

L3

P
4+ + &
+*

=
E +
1+
;
i

++++++++++++++++

+ + + ¥ + + + +
+
Lk 3
+
+ + + ¥ + ¥ + +
T

+++++++++++++++

L Dl




US 11,357,677 B2

1
SHARED VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Japanese Patent Appli-
cation No. 2019-146761 filed on Aug. 8, 2019, which 1s
incorporated herein by reference 1n its entirety including the
specification, drawings and abstract.

BACKGROUND

1. Technical Field

The present disclosure relates to a shared vehicle that can
protect a wheelchair occupant even when the shared vehicle
has a side collision.

2. Description of Related Art

There has been known a bus configured such that, when
a foldable seat on a right side wall side where no entrance
door 1s provided 1s folded and a space 1s formed, one
wheelchair 1n a facing forward posture can be fixed on each
of the front side and the rear side in the space (e.g., see
Japanese Unexamined Patent Application Publication No.
2015-85068 (JP 2015-835068A)). In this bus, the entrance
door 1s provided on a left side wall overlapping a region
where at least the wheelchair on the rear side 1s fixed, 1n a
side view of the bus viewed from the vehicle width direc-
tion.

SUMMARY

Generally, an entrance door provided on one side wall of
a bus 1s upsized for convenience. On that account, a pillar
cannot be set 1n a doorway where the entrance door 1is
provided. Accordingly, when the bus has a side collision
such that another vehicle or the like collides with the
entrance door of the bus, such a situation 1s considered that
the entrance door largely deforms inward 1n a vehicle cabin.

That 1s, like the bus described above, when a region where
a wheelchair 1s fixed 1s provided at a position overlapping
with the entrance door 1n a side view, the entrance door
deforms toward the wheelchair. As such, in terms of the bus
in which the entrance door 1s provided on one side wall, 1t
1s hard to say that a boarding position for a wheelchair
occupant 1s set to a position determined 1n consideration of
occurrence of a side collision. Thus, there 1s room {for
improvement 1n this respect.

The present disclosure provides a shared vehicle that can
protect a wheelchair occupant when the shared vehicle has
a side collision.

A shared vehicle according to a first aspect of the present
disclosure includes a pair of right and lett first pillars, a pair
of nght and left fourth pillars, a pair of right and left second
pillars, a pair of right and left third pillars, an entrance door,
and a front wheelchair space and/or a rear wheelchair space.
The right and lett first pillars are provided in a front portion
of a vehicle body in the front-and-rear direction of the
vehicle body, the first pillars extending in the up-and-down
direction of the vehicle body. The right and left fourth pillars
are provided in a rear portion of the vehicle body 1n the
front-and-rear direction of the vehicle body, the fourth
pillars extending in the up-and-down direction of the vehicle
body. The rnight and left second pillars are provided behind
the first pillars in the front-and-rear direction of the vehicle

10

15

20

25

30

35

40

45

50

55

60

65

2

body and 1n front of the fourth pillars in the front-and-rear
direction of the vehicle body, the second pillars extending 1n
the up-and-down direction of the vehicle body. The right and
lett third pillars are provided in front of the fourth pillars 1n
the front-and-rear direction of the vehicle body and behind
the second pillars 1n the front-and-rear direction of the
vehicle body, the third pillars extending in the up-and-down
direction of the vehicle body. The entrance door 1s provided
on one side wall of the vehicle body and placed between the
second pillar and the third pillar. The front wheelchair space
1s on a floor face of a vehicle cabin, the front wheelchair
space being provided such that at least the head of a
wheelchair occupant 1s placed within a first region of the
vehicle cabin 1n a plan view, the first region being sur-
rounded by the nght and leit first pillars and the right and left
second pillars. The rear wheelchair space 1s on the floor face
of the vehicle cabin, the rear wheelchair space being pro-
vided such that at least the head of the wheelchair occupant
1s placed within a second region of the vehicle cabin 1n a
plan view, the second region being surrounded by the right
and left third pillars and the right and left fourth pillars.

In the above first aspect, the shared vehicle may include
the front wheelchair space and the rear wheel chair space.

With the above configuration, 1n a plan view, at least the
head of the wheelchair occupant seated 1n the front wheel-
chair space on the floor face of the vehicle cabin 1s placed
within the region, of the vehicle cabin, that 1s surrounded by
the right and left first pillars and the right and leit second
pillars. Further, in a plan view, at least the head of the
wheelchair occupant seated in the rear wheelchair space on
the floor face of the vehicle cabin 1s placed within the region,
of the vehicle cabin, that 1s surrounded by the right and left
third pillars and the right and left fourth pillars.

Here, the region, of the vehicle cabin, that 1s surrounded
by the right and lett first pillars and the rnght and left second
pillars and the region, of the vehicle cabin, that 1s surrounded
by the right and lett third pillars and the right and leit fourth
pillars are high-strength regions. Accordingly, even when
the shared wvehicle has a side collision, the wheelchair
occupant at least the head of whom 1s placed within the
high-strength region can be hardly affected by deformation
of the vehicle body. That 1s, with the present disclosure, even
when the shared vehicle has a side collision, the wheelchair
occupants on the shared vehicle are protected.

Note that the *“shared vehicle” 1n the present disclosure
indicates a general shared vehicle that can travel with a
plurality of people being carried by the shared vehicle
regardless of whether they need to pay the fare or not. A
vehicle for so-called mobility as a service (MaaS) including
a seli-driving bus or the like as an example 1s also 1included
in the “shared vehicle” in the present disclosure.

In the above aspect, a distance in the front-and-rear
direction of the vehicle body between the second pillar and
the third pillar may be wider than a distance in the front-
and-rear direction of the vehicle body between the first pillar
and the second pillar in a side view. The distance i1n the
front-and-rear direction of the vehicle body between the
second pillar and the third pillar may be wider than a
distance in the front-and-rear direction of the vehicle body
between the third pillar and the fourth pillar 1n a side view.

With the above configuration, the width, in the vehicle
body front-and-rear direction, of the entrance door (a door-
way) provided between the second pillar and the third pillar
can be made wide. This accordingly allows the wheelchair
occupant to easily get on and off the share vehicle, so that
a burden to the wheelchair occupant at the time of getting on
and ofl the shared vehicle 1s reduced.
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In the above aspect, a wheelchair of the wheelchair
occupant seated 1n the rear wheelchair space 1n a forward
facing posture may be fixable to a rear wall side of the
vehicle cabin.

In the above aspect, a wheelchair of the wheelchair
occupant seated in the front wheelchair space 1n a rearward
facing posture may be fixable to a front wall side of the
vehicle cabin.

With the above configuration, at least the head of the
wheelchair occupant seated in the rear wheelchair space in
a forward facing posture and the head of the wheelchair
occupant seated 1n the front wheelchair space 1n a rearward
facing posture can be easily placed within respective high-
strength regions. Further, at the time of getting ofl the shared
vehicle, the wheelchair occupant seated 1n the rear wheel-
chair space 1n a forward facing posture and the wheelchair
occupant seated in the front wheelchair space 1n a rearward
facing posture can operate their wheelchairs 1n a forward
facing posture. This improves convenience for the wheel-
chair occupants.

In the above aspect, a wheelchair of the wheelchair
occupant seated 1n the front wheelchair space 1n a forward
facing posture may be fixable to a front wall side of the
vehicle cabin.

In the above aspect, the shared vehicle may include a seat
provided on a rear wall side of the vehicle cabin such that an
occupant 1s seated on the seat 1n a semi-upright posture. The
wheelchair of the wheelchair occupant seated 1n the rear
wheelchair space 1n a forward facing posture may be fixable
to the seat.

With the above configuration, at least the head of the
wheelchair occupant seated 1n the rear wheelchair space in
a forward facing posture can be easily placed within the
high-strength region.

In the above aspect, the shared vehicle may include a seat
provided on a front wall side of the vehicle cabin such that
an occupant 1s seated on the seat 1n a semi-upright posture.
The wheelchair of the wheelchair occupant seated 1n the
front wheelchair space 1n a rearward facing posture may be
fixable to the seat.

In the above aspect, the shared vehicle may include a seat
provided on a front wall side of the vehicle cabin such that
an occupant 1s seated on the seat 1n a semi-upright posture.
The wheelchair of the wheelchair occupant seated in the
front wheelchair space 1n a forward facing posture may be
fixable to the seat.

In the above aspect, the seat may include a seating face on
which the occupant 1s seated, and a positioning portion. The
positioning portion may be configured such that, when a part
of the wheelchair 1s brought into contact with the positioning
portion, the wheelchair 1s placed in the rear wheelchair space
in a fixed state.

In the above aspect, the seat may include a seating face on
which the occupant 1s seated, and a positioning portion. The
positioning portion may be configured such that, when a part
of the wheelchair 1s brought into contact with the positioning
portion, the wheelchair 1s placed 1n the front wheelchair
space 1n a fixed state.

With each aspect of the present disclosure, even when the
shared vehicle has a side collision, a wheelchair occupant on
the shared vehicle can be protected.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, advantages, and technical and industrial signifi-
cance of exemplary embodiments of the disclosure will be
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4

described below with reference to the accompanying draw-
ings, 1 which like numerals denote like elements, and

wherein:

FIG. 1 1s a side view 1llustrating a bus according to the
present embodiment;

FIG. 2 1s a plan view 1illustrating the inside of the bus
according to the present embodiment;

FIG. 3 1s a plan view illustrating a case where two
wheelchair occupants are seated on each of the front side and
the rear side 1nside the bus according to the present embodi-
ment 1n a forward facing posture;

FIG. 4 1s a plan view 1illustrating a case where two
wheelchair occupants on the front side are seated 1n a
rearward facing posture and two wheelchair occupants on
the rear side are seated 1n a forward facing posture inside the
bus according to the present embodiment;

FIG. SA 15 a side view 1illustrating a rear seat on which an
occupant on the bus according to the present embodiment 1s
seated 1n a semi-upright posture;

FIG. 5B 1s a side view illustrating a state where a
wheelchair of a wheelchair occupant on the but according to
the present embodiment 1s fixed by a part of the rear seat;

FIG. 6 1s a plan view illustrating a case where the bus
according to the present embodiment has a side collision
from an entrance door side; and

FIG. 7 1s a plan view 1illustrating a case where one
wheelchair occupant 1s seated on each of the front side and
the rear side mside the bus according to the present embodi-
ment 1n a forward facing posture.

DETAILED DESCRIPTION OF EMBODIMENTS

The following describes an embodiment of the present
disclosure 1n detail with reference to the drawings. Note that,
for convenience of description, 1n each of the drawings, an
arrow UP indicates the up direction of the vehicle body, an
arrow FR indicates the front direction of the vehicle-body
front-and-rear, and an arrow RH indicates the right direction
of the vehicle body. Accordingly, 1n the following descrip-
tion, when an up-and-down direction, a front-and-rear direc-
tion, and a right-and-left direction are described without any
special mention, they respectively indicate an up-and-down
direction of the vehicle body, a front-and-rear direction of
the vehicle body front-and-rear direction, and a right-and-
left direction of the vehicle body (the vehicle width direc-
tion). Further, a view from the vehicle width direction 1s
referred to as a “side view.” Further, the present embodiment
1s described based on a seli-driving bus (hereinafter just
referred to as a “bus”) 10 taken as an example of a shared
vehicle.

As 1llustrated in FI1G. 1, the bus 10 includes a pair of right
and left first pillars 22, a pair of right and left fourth pillars
28, a pair of right and left second pillars 24, and a pair of
right and leit third pillars 26. The first pillars 22 are provided
in a front portion (a front end portion) of a vehicle body 12
in the front-and-rear direction such that the first pillars 22
extend 1n the up-and-down direction. The fourth pillars 28
are provided in a rear portion (a rear end portion) of the
vehicle body 12 1n the front-and-rear direction such that the
fourth pillars 28 extend in the up-and-down direction. The
second pillars 24 are provided behind the first pillars 22 and
in front of the fourth pillars 28 (more specifically, the third
pillars 26 (described later)) such that the second pillars 24
extend in the up-and-down direction. The third pillars 26 are
provided in front of the fourth pillars 28 and behind the
second pillars 24 such that the third pillars 26 extend 1n the
up-and-down direction.
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As 1llustrated 1n FIG. 2, 1n a plan sectional view, the right
and left first pillars 22 are each formed generally 1n a
rectangular closed sectional shape 1n which its longitudinal
direction 1s along the front-and-rear direction and a part on
the outer side 1n the vehicle width direction and the front
side 1s formed 1n an arch shape. Similarly, 1n a plan sectional
view, the right and left fourth pillars 28 are each formed
generally 1n a rectangular closed sectional shape in which 1ts
longitudinal direction 1s along the front-and-rear direction
and a part on the outer side 1n the vehicle width direction and
the rear side 1s formed 1n an arch shape. Further, 1n a plan
sectional view, the right and left second pillars 24 and the
right and left third pillars 26 are each formed generally 1in a
rectangular closed sectional shape the longitudinal direction
of which 1s along the front-and-rear direction.

Further, as 1llustrated 1n FIGS. 1, 2, the bus 10 includes an
entrance door 20 configured to open and close a doorway 16
provided on a lett side wall (one side wall) 14 of the vehicle
body 12 and between the second pillar 24 and the third pillar
26. The entrance door 20 1s configured to be dividable at a
central part 1n the front-and-rear direction by sliding a front
door 20F and a rear door 20R forward and rearward,
respectively, so as to open the doorway 16.

Note that, as 1llustrated in FIG. 1, 1n a side view, a distance
D1 1n the front-and-rear direction between the second pillar
24 and the third pillar 26 1s wider than a maximum distance
D2 1n the front-and-rear direction between the first pillar 22
and the second pillar 24 and a maximum distance D3 1n the
front-and-rear direction between the third pillar 26 and the
fourth pillar 28. That 1s, the width of the doorway 16 in the
front-and-rear direction can be made relatively wide.

Further, as illustrated 1n FIG. 2, a front wheelchair space
32 and a rear wheelchair space 34 are set on the front side
and the rear side, respectively, on a tloor face 30 of a vehicle
cabin 18 of the bus 10. The floor face 30 of the vehicle cabin
18 as used herein 1s a top face of a floor carpet laid on a floor
panel (not shown), and two rectangular frames with their
longitudinal direction being along the front-and-rear direc-
tion are drawn along the right-and-left direction on each of
the front side and the rear side on the top face of the tloor
carpet.

Regions surrounded by respective frames on the front side
cach serve as the front wheelchair space 32, and regions
surrounded by respective frames on the rear side each serve
as the rear wheelchair space 34. Note that a wheelchair mark
1s drawn 1n a generally central part of each of the front
wheelchair spaces 32 and the rear wheelchair spaces 34, so
that 1t can be recognized at a glance that those spaces are
boarding positions for wheelchair occupants P1 (see FIGS.
3, 4).

Further, 1n a plan view, each of the front wheelchair
spaces 32 1s provided inside a high-strength region Af (see
FIG. 2) of the vehicle cabin 18, the high-strength region Af
being surrounded by the right and lett first pillars 22 and the
right and left second pillars 24. Similarly, 1n a plan view,
cach of the rear wheelchair spaces 34 1s provided 1nside a
high-strength region Ar (see FIG. 2) of the vehicle cabin 18,
the high-strength region Ar being surrounded by the right
and left third pillars 26 and the right and left fourth pillars
28. The high-strength region Af 1s also called a first region
Al, and the high-strength region Ar 1s also called a second
region Ar.

The first region Af 1s a rectangular region surrounded by
a virtual straight line K1, a virtual straight line K2, a virtual
straight line K3, and a virtual straight line K4. The virtual
straight line K1 connects respective corners of the right and
lett first pillars 22, the corners being on the front side and the
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inner side 1n the vehicle width direction. The virtual straight
line K2 connects respective corners ol the right and left
second pillars 24, the corers being on the rear side and the
inner side 1n the vehicle width direction. The virtual straight
line K3 connects a corner of the right first pillar 22, the
corner being on the rear side and the mnner side 1n the vehicle
width direction, to a corner of the right second pillar 24, the
corner being on the front side and the inner side in the
vehicle width direction. The virtual straight line K4 connects
a corner of the left first pillar 22, the corner being on the rear
side and the inner side 1n the vehicle width direction, to a
corner of the left second pillar 24, the corner being on the
front side and the inner side in the vehicle width direction.

The second region Ar 1s a rectangular region surrounded
by a virtual straight line K3, a virtual straight line K6, a
virtual straight line K7, and a virtual straight line K8. The
virtual straight line K5 connects respective corners of the
right and left fourth pillars 28, the corners being on the rear
side and the inner side i the vehicle width direction. The
virtual straight line K6 connects respective corners of the
right and left third pillars 26, the corners being on the front
side and the mner side in the vehicle width direction. The
virtual straight line K7 connects a corner of the right third
pillar 26, the corner being on the rear side and the inner side
in the vehicle width direction, to a corner of the right fourth
pillar 28, the corner being on the front side and the inner side
in the vehicle width direction. The virtual straight line K8
connects a corner of the lett third pillar 26, the corner being
on the rear side and the inner side in the vehicle width
direction, to a corner of the leit fourth pillar 28, the corner
being on the front side and the inner side 1n the vehicle width
direction.

Accordingly, as illustrated in FIGS. 3, 4, at least a head
Hd (and in some embodiments, the upper body) of the
wheelchair occupant P1 seated 1n a forward facing posture
or a rearward facing posture and fixed (positioned) to the
front wheelchair space 32 is placed within the high-strength
region Af. Similarly, at least the head Hd (and 1in some
embodiments, the upper body) of the wheelchair occupant
P1 seated in a forward facing posture and fixed (positioned)
to the rear wheelchair space 34 1s placed within the high-
strength region Ar. Note that the size of each of the front
wheelchair spaces 32 and the rear wheelchair spaces 34 1s,
for example, such that the length in the vehicle width
direction 1s 0.8 m, and the length in the front-and-rear
direction 1s 1.2 m.

Further, as 1llustrated 1n FIGS. 2 to 4, on a front wall side
of the vehicle cabin 18, a plurality of (e.g., three) front seats
36 on which an occupant (not shown) except the wheelchair
occupant P1 1s to be seated in a semi-upright posture is
provided integrally along the vehicle width direction. On a
rear wall side of the vehicle cabin 18, a plurality of (e.g.,
three) rear seats 38 on which an occupant P2 (see FIG. SA)
except the wheelchair occupant P1 1s to be seated mn a
semi-upright posture 1s provided mtegrally along the vehicle
width direction.

Since the front seats 36 and the rear seats 38 have the

same configuration, the following mainly describes the rear
seats 38 illustrated 1n FIG. SA and FIG. 5B as an example.

As 1illustrated 1n FIG. SA and FIG. 5B, the rear seat 38
includes a seating face 38A on which the occupant P2 1s
seated, and a flat-shaped positioning portion 38B integrally
extending downward from a front end portion of the seating
face 38A.

When a part of (e.g., a pair of right and leit main wheels
42) of the wheelchair 40 on which the wheelchair occupant
P1 1s seated 1s brought into contact with the positioning
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portion 38B, the wheelchair 40 1s placed 1n a state where the
wheelchair 40 1s positioned (fixed) in the rear wheelchair
space 34 (see FIG. 5B). Note that, although not illustrated
herein, this also applies to a case where the wheelchair
occupant P1 is seated in the front wheelchair space 32 1n a
rearward facing posture.

That 1s, when a part of (e.g., the right and left main wheels
42) of the wheelchair 40 on which the wheelchair occupant
P1 1s seated 1s brought into contact with a positioning
portion (not shown) of the front seat 36, the wheelchair 40
1S placed in a state where the wheelchair 40 1s positioned
(fixed) 1n the front wheelchair space 32. Note that, 1n a case
where the wheelchair occupant P1 1s seated in the front
wheelchair space 32 1n a forward facing posture, a part of the
wheelchair 40, e.g., a pair of right and left foot supports 44
or the like, should be brought into contact with the posi-
tioming portion of the front seat 36. In FIG. 3, the nght and
left foot supports 44 are not brought into contact with the
positioning portion of the front seat 36.

Next will be described operations 1n the bus 10 configured
as described above.

As 1llustrated 1n FIG. 2, the front wheelchair space 32 set
on the floor face 30 1s provided within the high-strength
region Al of the vehicle cabin 18, the high-strength region
ATl being surrounded by the right and left first pillars 22 and
the right and left second pillars 24. Similarly, the rear
wheelchair space 34 set on the floor face 30 1s provided
within the high-strength region Ar of the vehicle cabin 18,
the high-strength region Ar being surrounded by the right
and left third pillars 26 and the right and left fourth pillars
28.

As 1llustrated 1in FIG. 3, 1n a plan view, at least the heads
Hd (and 1n some embodiments, the upper bodies) of the
wheelchair occupants P1 seated 1n a forward facing posture
in the front wheelchair space 32 and the rear wheelchair
space 34 are placed within the high-strength regions Af, Ar,
respectively.

Here, as illustrated in FIG. 6, when another vehicle 50
causes a side collision such that the vehicle 50 collides with
a left side wall 14 of the bus 10, e.g., the entrance door 20,
diagonally from the left rear side, the entrance door 20
largely deforms inward in the vehicle cabin 18 because the
entrance door 20 1s provided between the second pillar 24
and the third pillar 26 (a pillar cannot be set 1in the doorway
16 where the entrance door 20 1s provided).

However, as described above, at least the head Hd of the
wheelchair occupant P1 seated 1n the front wheelchair space
32 1s placed within the high-strength region Af surrounded
by the right and left first pillars 22 and the right and left
second pillars 24. Also, at least the head Hd of the wheel-
chair occupant P1 seated in the rear wheelchair space 34 1s
placed within the high-strength region Ar surrounded by the
right and left third pillars 26 and the right and left fourth
pillars 28.

Accordingly, the wheelchair occupants P1 seated in the
front wheelchair space 32 and the rear wheelchair space 34
can be hardly aflected by the deformation of the vehicle
body 12 (the entrance door 20) at the time of the side
collision. That 1s, even when the bus 10 has a side collision
with the vehicle 50, the wheelchair occupants P1 on the bus
10 can be protected.

Besides, as illustrated 1in FIG. 5B, 1n terms of the wheel-
chair occupant P1 seated 1n the rear wheelchair space 34 1n
a forward facing posture, the main wheels 42 of the wheel-
chair 40 are brought into contact with the positioning portion
38B of the rear seat 38 provided on the rear wall side of the
vehicle cabin 18. That 1s, the position, 1n the front-and-rear
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direction, of the wheelchair 40 of the wheelchair occupant
P1 seated in the rear wheelchair space 34 1n a forward facing
posture 1s positioned (fixed) by the rear seat 38. Further,
since the rear seat 38 1s a seat on which an occupant 1s to be
seated 1n a semi-upright posture, the length of the rear seat
38 1n the front-and-rear direction 1s short.

Accordingly, at least the head Hd of the wheelchair
occupant P1 seated in the rear wheelchair space 34 1n a
forward facing posture can be easily placed within the
high-strength region Ar surrounded by the right and lett third
pillars 26 and the right and left fourth pillars 28. Note that,
as 1llustrated 1n FIG. 4, this also applies to the wheelchair
occupant P1 seated in the front wheelchair space 32 1n a
rearward facing posture.

More specifically, as illustrated 1n FIG. 4, 1in terms of the
wheelchair occupant P1 seated 1n the front wheelchair space
32 1n a rearward facing posture, the main wheels 42 of the
wheelchair 40 are brought into contact with the positioning
portion of the front seat 36 provided on the front wall side
of the vehicle cabin 18. That 1s, the position, in the front-
and-rear direction, of the wheelchair 40 of the wheelchair
occupant P1 seated in the front wheelchair space 32 in a
rearward facing posture 1s positioned (fixed) by the front
seat 36.

Accordingly, in comparison with the wheelchair occupant
P1 seated in the front wheelchair space 32 in a forward
facing posture, at least the head Hd of the wheelchair
occupant P1 seated in the front wheelchair space 32 1n a
rearward facing posture can be easily placed within the
high-strength region Af surrounded by the right and left first
pillars 22 and the nght and left second pillars 24. Note that,
when the wheelchair occupant P1 1s seated in the front
wheelchair space 32 1n a rearward facing posture, the
following eflect can be obtained.

That 1s, at the time of getting off the bus 10 from the
doorway 16 provided in the bus 10, the wheelchair occupant
P1 seated in the front wheelchair space 32 1n a rearward
facing posture as well as the wheelchair occupant P1 seated
in the rear wheelchair space 34 1n a forward facing posture
can operate the wheelchair 40 1n a forward facing posture.
This can accordingly improve convenience of the bus 10 for
the wheelchair occupant P1.

Besides, 1n a side view, the distance D1 1n the front-and-
rear direction between the second pillar 24 and the third
pillar 26 1s wider than the maximum distance D2 in the
front-and-rear direction between the first pillar 22 and the
second pillar 24. Also, the distance D1 1n the front-and-rear
direction between the second pillar 24 and the third pillar 26
1s wider than the maximum distance D3 in the front-and-rear
direction between the third pillar 26 and the fourth pillar 28.
That 1s, the width, 1n the front-and-rear direction, of the
doorway 16 provided between the second pillar 24 and the
third pillar 26 1s relatively wide. Accordingly, the wheelchair
occupant P1 easily gets on and off the bus 10, so that a
burden to the wheelchair occupant P1 at the time of getting
on and off the bus 10 can be reduced.

Reversely speaking, 1n a side view, the maximum distance
D2 1n the front-and-rear direction between the first pillar 22
and the second pillar 24 1s narrower than the distance D1 1n
the front-and-rear direction between the second pillar 24 and
the third pillar 26, and the maximum distance D3 1n the
front-and-rear dlrectlon between the third pillar 26 and the
fourth pillar 28 i1s narrower than the distance D1 1in the
front-and-rear direction between the second pillar 24 and the
third pillar 26. Accordingly, the region Af, of the vehicle
cabin 18, that 1s surrounded by the right and left first pillars
22 and the right and left second pillars 24 and the region Ar,
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of the vehicle cabin 18, that 1s surrounded by the nght and
left third pillars 26 and the right and leit fourth pillars 28 can
be made regions having a higher strength.

The bus (shared vehicle) 10 according to the present
embodiment has been described above with reference to the
drawings. However, the bus (shared vehicle) 10 according to
the present embodiment 1s not limited to those 1llustrated in
the figures, and its design 1s modifiable appropriately within
a range that does not deviate from the gist of the present
disclosure. For example, the front seats 36 and the rear seats
38 may be foldable seats.

That 1s, the bus 10 may be configured such that, by folding
the front seats 36 and the rear seats 38, the front wheelchair
spaces 32 and the rear wheelchair spaces 34 in which the
wheelchair occupants P1 are to be seated are secured,
respectively. Note that, 1n this case, the positioning portions
with which the main wheels 42 of the wheelchairs 40 are
brought into contact should be set appropriately in the folded
front seats 36 and the folded rear seats 38.

Further, the configuration 1n which the wheelchairs 40 are
fixed (positioned) 1n the front wheelchair space 32 and the
rear wheelchair space 34 1s not limited to the positioming,
portion 38B and so on illustrated 1n the figures. For example,
the wheelchairs 40 may be fixed to the front wheelchair
spaces 32 and the rear wheelchair spaces 34 by seat belt
devices (not shown) or the like provided on the front wall
side and the rear wall side of the vehicle cabin 18.

Further, although not illustrated herein, some buses 10
may be configured such that a plurality of foldable seats are
provided along the front-and-rear direction between the
second pillar 24 and the third pillar 26 on a right side wall
side. In this case, by folding the foldable seats, the wheel-
chair occupant P1 can easily move to the night front wheel-
chair space 32 and to the right rear wheelchair space 34.

Further, the present embodiment deals with an aspect in
which the wheelchair occupants P1 are seated in the front
wheelchair spaces 32 and the rear wheelchair spaces 34 (two
wheelchair occupants P1 are seated on each of the front side
and the rear side). However, the present embodiment 1s not
limited to this aspect. For example, as illustrated 1n FIG. 7,
even 1n an aspect 1n which the wheelchair occupants P1 are
seated 1n the right front wheelchair space 32 and the right
rear wheelchair space 34 (one wheelchair occupant P1 1s
seated on each of the front side and the rear side), the
wheelchair occupants P1 are protected similarly to the
above. Further, even 1n a case where the bus 10 has a side
collision such that the vehicle 50 collides with the nght side
wall of the bus 10, the wheelchair occupants P1 are pro-
tected similarly to the above.

Further, in the present embodiment, the front wheelchair
spaces 32 and the rear wheelchair spaces 34 are set on the
front side and the rear side, respectively, on the floor face 30
of the vehicle cabin 18 of the bus 10. However, wheelchair
spaces may be set on either of the front side and the rear side
on the floor face 30 of the vehicle cabin 18 of the bus 10. For
example, the front wheelchair spaces 32 may be set only on
the front side on the tloor face 30 of the vehicle cabin 18 of
the bus 10. Alternatively, the rear wheelchair spaces 34 may
be set only on the rear side on the floor face 30 of the vehicle

cabin 18 of the bus 10.

What 1s claimed 1s:

1. A shared vehicle comprising:

a pair ol right and left first pillars provided in a front
portion of a vehicle body 1n a front-and-rear direction
of the vehicle body, the first pillars extending 1n an
up-and-down direction of the vehicle body;
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a pair ol right and left fourth pillars provided 1n a rear
portion of the vehicle body in the front-and-rear direc-
tion of the vehicle body, the fourth pillars extending in
the up-and-down direction of the vehicle body;

a pair of nght and left second pillars provided behind the
first pillars 1n the front-and-rear direction of the vehicle
body and 1n front of the fourth pillars 1n the front-and-
rear direction of the vehicle body, the second pillars
extending in the up-and-down direction of the vehicle
body;

a pair of right and leit third pillars provided 1n front of the
fourth pillars 1n the front-and-rear direction of the
vehicle body and behind the second pillars in the
front-and-rear direction of the vehicle body, the third
pillars extending in the up-and-down direction of the
vehicle body;

an entrance door provided on one side wall of the vehicle
body and placed between the second pillar and the third
pillar; and

a front wheelchair space on a floor face of a vehicle cabin,
the front wheelchair space being provided such that at
least a head of a wheelchair occupant 1s placed within
a first region of the vehicle cabin 1n a plan view, the first
region being surrounded by the right and left first
pillars and the right and left second pillars, and/or a rear
wheelchair space on the floor face of the vehicle cabin,
the rear wheelchair space being provided such that at
least the head of the wheelchair occupant 1s placed
within a second region of the vehicle cabin 1n a plan
view, the second region being surrounded by the right
and left third pillars and the right and left fourth pillars.

2. The shared vehicle according to claim 1, wherein

the shared vehicle includes:
the front wheelchair space; and

the rear wheelchair space.

3. The shared vehicle according to claim 1, wherein:

a distance 1n the front-and-rear direction of the vehicle
body between the second pillar and the third pillar 1s
wider than a distance 1n the front-and-rear direction of
the vehicle body between the first pillar and the second
pillar 1n a side view; and

the distance in the front-and-rear direction of the vehicle
body between the second pillar and the third pillar 1s
wider than a distance 1n the front-and-rear direction of
the vehicle body between the third pillar and the fourth
pillar 1n a side view.

4. The shared vehicle according to claim 1, wherein a
wheelchair of the wheelchair occupant seated i1n the rear
wheelchair space 1n a forward facing posture 1s positioned
against a rear wall side of the vehicle cabin.

5. The shared vehicle according to claam 1, wherein a
wheelchair of the wheelchair occupant seated 1n the front
wheelchair space in a rearward facing posture 1s positioned
against a front wall side of the vehicle cabin.

6. The shared vehicle according to claam 1, wherein a
wheelchair of the wheelchair occupant seated in the front
wheelchair space 1n a forward facing posture 1s positioned
against a front wall side of the vehicle cabin.

7. The shared vehicle according to claim 4, further com-
prising a seat provided on a rear wall side of the vehicle
cabin such that an occupant 1s seated on the seat 1n a
semi-upright posture, wherein the wheelchair of the wheel-
chair occupant seated in the rear wheelchair space 1 a
forward facing posture 1s positioned against the seat.

8. The shared vehicle according to claim 3, further com-
prising a seat provided on a front wall side of the vehicle
cabin such that an occupant i1s seated on the seat 1n a




US 11,357,677 B2

11

semi-upright posture, wherein the wheelchair of the wheel-
chair occupant seated in the front wheelchair space 1n a
rearward facing posture i1s positioned against the seat.

9. The shared vehicle according to claim 6, further com-
prising a seat provided on a front wall side of the vehicle
cabin such that an occupant 1s seated on the seat 1n a
semi-upright posture, wherein the wheelchair of the wheel-
chair occupant seated in the front wheelchair space 1n a
forward facing posture 1s positioned against the seat.

10. The shared vehicle according to claim 7, wherein:

the seat includes a seating face on which the occupant 1s
seated, and a positioning portion; and

the positioning portion 1s configured such that, when a
part of the wheelchair 1s brought into contact with the
positioning portion, the wheelchair 1s placed 1n the rear

wheelchair space.

11. The shared vehicle according to claim 8, wherein:

the seat includes a seating face on which the occupant 1s
seated, and a positioning portion; and
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the positioning portion 1s configured such that, when a
part of the wheelchair 1s brought into contact with the
positioning portion, the wheelchair 1s placed 1n the
front wheelchair space.

12. The shared vehicle according to claim 9, wherein:

the seat includes a seating face on which the occupant 1s
seated, and a positioning portion; and

the positioning portion 1s configured such that, when a
part of the wheelchair 1s brought into contact with the
positioning portion, the wheelchair 1s placed i the
front wheelchair space.

13. The shared vehicle according to claim 10, wherein the

positioning portion 1s flat-shaped and integrally extends
downward from a front end portion of the seating face.

14. The shared vehicle according to claim 11, wherein the

IS5 positioning portion is flat-shaped and integrally extends

downward from a front end portion of the seating face.

15. The shared vehicle according to claim 12, wherein the

positioning portion 1s flat-shaped and integrally extends
downward from a front end portion of the seating face.
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